Manufacturing industries are strongly motivated to use high precision inspection systems with low installation and maintenance cost, as well as the possibilities for reduction in time consumption and effort that they represent. This study improves ceramic tile factories' classification of their products in terms of the size measuring investigation. The objective of this research is to develop an image processing algorithm to measure the length of ceramic tiles. A visual inspection system for ceramic tiles is selected to evaluate the proposed algorithm in a real experimental environment. The result shows that the maximum error in length measurement is less than 2 mm.
Introduction
Traditionally, visual inspection and quality control have been performed by human experts. Although humans can in many cases do the job better than machines, they are slower than the machines and get tired quickly. Moreover, human experts are difficult to find or maintain in an industry. They require training and their skills may take time to develop. Inspection can also be tedious or difficult, even for the best-trained experts. In certain applications, precise information must be quickly or repetitively extracted and used. Automated Visual Inspection Systems (AVIS) are becoming increasingly popular due to low cost maintenance and high accuracy.
AVIS in ceramic tile manufacturing and production systems has been pursued and studied during the last two decades due to the fact that human error occurs through tediousness, tiredness and carelessness. Ultimately, visual inspection is not accurate, and thus requires more work [1] . Moreover, it is time consuming and impossible for humans to measure the length, width, thickness and edge curvature of each ceramic tile all at once. Some ways are suggested, such as using sensors or a laser beam [2] . Based on the machine vision system for measuring firebreak, another method is introduced [3] . In another study, the combinations of metrology trends for surfaces are presented. It is said that topographical measurement rather than optical methods reduces the process time, but the ideal solution is a combination of tactile and optical methods [4] . The next study proposed a data model that further developed the current step data model to include complete GD&T definitions together with related machining process, measurement operation, measuring equipment, and measurement result recording information definitions [5] . The objective of this study is to develop an algorithm by using various image processing edge detector techniques to measure the size of ceramic tiles. This paper is organized as follows. In section 2, the methodology based on existing edge detectors are given. In section 3, the results of applied methods are illustrated. Finally, our work of this paper is summarized in the last section.
Methodology
The presented strategy consists of two parts: hardware framework and software framework. In the hardware framework, the details of setting up the camera, light resource and conveyor belt are described, while in the software part, the details of proposed method and programming techniques are explained.
Hardware Framework
The fundamental requirements of the automated visual inspection system used in this research are light resource, camera, conveyor belt and computer. Figure 1 shows the hardware framework. The camera is capturing the border of a ceramic tile while the conveyor is moving. The black background is behind the ceramic tiles, and the dark background colour helps to produce a sharper image with reduced noise. In the following, the set-up details are described.
Light Resource
True and correct illumination is very important for visual inspection systems. It should be uniform across the investigated object and the colour and intensity of light helps to capture better images from the camera. If the ceramic tile borders are white, it is best for the light resource to be white because it makes the white colour more vivid than other colours. In addition, uniform light intensity should be used to illuminate the ceramic tile surface thoroughly. The recommended light intensity for ceramic tile inspection is about 565 lx [6] . Light illumination is measured by luxmeter (photometer).
Camera
In order to inspect ceramic tiles, a vision component is vital. This research used a webcam with a maximum 10 megapixel resolution and 1024p. The frame rate per second is eight frames, in Red, Green and Blue (RGB) colour. The mode of communication between the camera and the processor is a USB cable. The distance from the camera and the border of ceramic tile is about 17 centimetres. Figure 1 shows the real-time inspection system of a ceramic tile. As has been indicated, the distance of the ceramic tile from the camera is 17 centimetres.
Conveyor Belt
The ceramic tiles move on the conveyor belt while the camera captures them. The black background is essential for this method, and it is therefore necessary to use a black conveyor belt. The speed of the conveyor belt is another important issue. In this study, 2 m/s is the proper speed for the conveyor belt. Increasing the speed makes the captured image blur. Figure 2 shows a flowchart of the method developed in this research. It is divided into three major parts: preprocessing, feature-extraction and post-processing. The diagram shows that the image is first captured from the camera and is then smoothed by median filter. In the third step, three kinds of edge detection are suggested: Canny, Sobel and Prewitt. The pre-processing steps make the image clearer by reducing noise. In this paper, to test the presented methodology, the borders of ceramic tile are selected.
Software Framework

Region of Interest
In order to decrease the image-processing analysis, the image should be limited with a smaller size, which consists of a main object only. As we can see in Figure 3 , the Region of Interest (ROI) rectangle will be retained manually because the position of ceramic tiles is always fix, and the other pixels removed from the picture. 
Smoothing
After resizing the captured image, it should be smoothed to decrease unwanted noise. In order to facilitate a clearer image, the black background is selected because the borders of ceramic tiles are white and the separation from the black background is easier. In addition, the simple smoothing filter (median filter) is selected to smooth the image noises. The median filter is a kind of convolution filter. This means that the median filter divides the image into the different matrixes. The matrix size is changeable to 3, 5, 7, 9 and more. In convolution filters, the centre pixel of each matrix will be changed by other numbers. In the median filter, the centre pixel per matrix is the median of all pixel values that are selected on that matrix [7] .
Canny
One of the techniques in segmentation is canny edge detection, which is adaptable to various environments. The Canny edge detector uses a filter based on the first derivative of a Gaussian, because it is susceptible to noise present on raw unprocessed image data. Thus, to begin with the raw image is conveyed with a Gaussian filter.
Sobel
Another technique for edge detection is called Sobel. The Sobel edge detector uses Sobel operands to sharpen the edge of the image. In simple terms, the operator calculates the gradient of the image intensity at each point, giving the direction of the largest possible increase from light to dark and the rate of change in that direction. In this thesis, the left and right edges of ceramic tiles are considered to calculate the length of the ceramic tile. Therefore, the horizontal derivations of Sobel operands are selected to make the vertical line sharper. The Sobel operands applied are shown in Gx1 and Gx2 matrixes [8] . 
Prewitt
This is a discrete differentiation operator, computing an approximation of the gradient of the image intensity function. At each point in the image, the result of the Prewitt operator is either the corresponding gradient vector or the norm of this vector. The Prewitt operator is based on convolving the image with a small, separable, and integer valued filter in horizontal and vertical direction and is therefore relatively inexpensive in terms of computations. These two operands are multiplied to the image to fetch the vertical lines in the image. Gx'1 and Gx'2 present the operand matrixes. 
Feature Extraction
This section concerns the feature extraction part of size measuring. The overview diagram of size measuring methodology is shown in Figure 2 . It contains three parts: pre-processing, feature-extraction and post-processing. The pre-processing steps are described above. As can be seen in Figure 2 , the source image is smoothed. Next, three edge detectors are suggested, Canny, Sobel and Prewitt. As we can see, if the Prewitt or Sobel edge detector is selected, the edges of the image are sent to the Morphology, Binarisation Steps and distance measuring step. On the other hand, if the Canny edge detector is selected, the edges of the image are sent to the distance measuring step directly. In the following, the three steps of feature extraction for size measuring are described:
Morphology
Mathematical Morphology (MM) is a theory and technique for the analysis and processing of geometrical structures [9] .
Binarisation
The opening morphology reduces the intensity of white pixels. To increase the intensity of white pixels, binarisation can solve the problem. In the binarisation, the threshold value is defined. When compared to the threshold value, the intensity of each pixel changes.
Distance Measuring
This is the last step of size feature extraction, in which the number of pixels between the first white pixel in the left and the first white pixel on the right is counted. The distance is counted by number of pixels and it should be converted to the millimetre. The ratio of number of pixels with a calibrate sample will show the size of ceramic tile borders in the millimetre unit.
Experimental Evaluation
The result and performance of the developed length measuring algorithm is shown in this section. As mentioned in chapter three, the captured image is modified with a median filter. Figure 4 expresses the result of ROI and median filter together. In this image, the extra spaces that are not related to the ceramic tile are omitted. In addition, the median filter smoothes the image to prevent noises that may affect our result. Then, the three kinds of edge detection are applied. Figure 5 shows the result of using Sobel operands. In addition, Figure 6 presents the result of Prewitt operands.
In the next step, the morphology operand is applied. The result of applying the opening operand to the images obtained from Sobel and Prewitt edge detectors are shown in Figure 7 and Figure 8 . By comparing the results before and after the application of the morphology operand, the horizontal pixels are more hidden while the vertical pixels are more obvious. The reason is that, by applying the Sobel and Prewitt edge detector, the vertical pixels appear more strongly than the horizontal pixels, but opening morphology removes the white pixels that do not have enough strong light. Therefore, the horizontal with pixels are removed from the image. Finally, the binarisation step makes the vertical edges of ceramic tile clear. The result of using binarisation on the previous image is shown in Figure 9 . Table 1 shows (fourteen ceramic tile borders) the performance of length measurement using Canny, Sobel and Prewitt edge detector methods. As we can see, the lengths of ceramic tile borders are shown in millimetres. The respective results of using these methods are not very different, but the Sobel edge detection has the best result with the smallest error. 
Conclusion
Due to the length measurement of ceramic tile borders with more precision a method is composed of smoothing, segmentation and feature extraction is proposed. The result shows that the proposed method with Sobel segmentation has more accurate result rather than other methods in both maximum and average error. Furthermore, the accuracy of proposed method is less than 2 mm. Moreover, to increase the accuracy; utilizing camera with higher resolution can improve the accuracy of output.
